Introduction
Nowadays, with the development of science and technology, there is a huge demand for micro drill bits to machine micro holes. Hence, many researchers have been making efforts to improve their cutting performance. The quality of micro drills is evaluated by many factors, for instance, material, burrs, chip removing, accuracy of drilled holes, length to diameter ratio, tool lifetime, etc. Several researchers investigated these factors in the past. To name a few, new material was created, e.g., the metal matrix composite of nickel ions and fine diamond powder was created to promote wear resistance of micro drills [1, 2] . With coating technique, surfaces of micro drills were coated by special material to improve cutting performance. For example, the approach of coating Zr-C:H:N17% extended the tool lifetime by a factor of at least four compared to the uncoated micro drill, and obtained better cutting performance [3] [4] [5] . On the other hand, since drill point angle has a great effect on the tool lifetime of a micro drill, many researches have been conducted on this area [6] . The optimization of the geometry of micro drill point has been investigated theoretically and experimentally. In particular, helix angle and web thickness of a micro drill were optimized by Taguchi methods and response surface methodology to promote its cutting performance [7] . With the development mathematical formulation for the drill flute and geometrical features, the optimization was implemented by software Pro/Machanica to minimize the Von Mises stress of the micro drill below the compressive strength of the material property [8] . Generally, all these methods only focused on material, geometrical point angles, and flute of the drill to 5th Asia Conference on Mechanical and Materials Engineering (ACMME 2017) IOP Publishing IOP Conf. Series: Materials Science and Engineering 241 (2017) 012029 doi:10.1088/1757-899X/241/1/012029 enhance its cutting ability. However, studies on the other portion of the drill bit, such as shank, and conical parts have been paid little attention in the past. The structure of a micro drill is to be optimized to obtain the least lateral vibration at its drill tip for better performance in this research. Design variables are the diameter, and lengths of its cylindrical and conical parts. Constraints are its length, mass as well as the mass center location. The optimization problem is solved by function Fmincon in software Matlab. Results showed that the lateral vibration was reduced by 15.83% at the cutting speed of 70000 rpm as compared to that of a commercial UNION drill. From the sensitivity test, it is found that the length of the conical part connecting to the micro drill shank play the most important role on the lateral displacement during cutting process.
Optimization of the micro drilling system
The structure of the micro drilling system can be simplified as shown in figure 1(a) . The micro drill E is grasped in the chuck C-D that is connected to the spindle A by a small shaft B. The system is supported by two identical linear bearings, and applied by a motor torque T m for running the system at rotating speed  . It is assumed that the tip of the micro drill is applied by an axial force a F , and a torque T at the steady-state during drilling machining. The whole system dimensions and parameters are referred from previous works [9] [10] [11] . Because the axial displacement is much smaller than the other displacements, it is neglected in this research [12] [13] [14] . The micro drill, chuck and spindle of micro drilling system are modeled as rotating Timoshenko beam elements to evaluate the lateral displacement at the drill tip. This vibration has a great impact to the accuracy of drilling process, so it is chosen as the objective function of optimization problem. Hence, the objective function is set as the common logarithm of lateral amplitude.
where lateral amplitude = maximum value of 2 2 xy  , in which x and y are evaluated in our previous work [11] . The vibration at the micro drill tip is affected by many factors, such as micro drill structure, chuck, machine spindle, and cutting velocity, and so on. The micro drill structure is mainly concerned in this research. The design variables are lengths of cylindrical and conical parts of the micro drill 1 2 3 4 ( , , , ) X X X X , and the diameter of the cylindrical part The length, mass, and mass center location of the micro drill are constrained in the optimization problem. For reducing the vibration during cutting process, the drill mass location needs to be constrained inside the tool holder of the machine spindle. The drill mass is set as constant. ( , , , , ) The cross sectional area A is derived from our previous work [11] .
The mass center location function
mass center L X X X X X in Eq. 3 is calculated as follows: 19.67 4.13 7 2.5 2 1.7 37
Its mass and mass center location are 1.7g and 11.75 mm, respectively. The percentage reduction Since the lengths of cylindrical and conical parts of the micro drill affect the drill stiffness, i.e., the longer the lengths are, the smaller the stiffness is, increasing these lengths will enlarge the lateral vibration at the drill tip during cutting process. Consequently, the objective functions corresponding to design variable , i 1, 4 i X  , the lengths of cylindrical and conical parts, increase when the percentage change increases as shown in figure 2(b) . The increase of the cross sectional diameter makes the unbalance force and stiffness to increase. These two factors counteract with each other on the lateral displacement. Therefore, the objective function corresponding to the shank diameter 5 () X does not change much. One observes that the design variable 2 X has the highest sensitivity. In consequence, compared with other design variables, the length of conical part connecting to the shank has the greatest influence on the lateral vibration at the drill tip. This finding is very valuable in micro drill design.
Conclusions
The structure optimization of the micro drill bit was presented to give better cutting quality as compared to the original one. The results showed that the lateral vibration at the micro drill tip was decreased by 15.83% at the cutting speed of 70000 rpm. Compared with other design variables, the length of the conical part connecting to the drill shank is the most important factor that affects the lateral displacement at the drill tip. Furthermore, the usage of the transfer matrix approach to analyze the dynamics of the micro drilling system modeled as rotating Timoshenko beam elements with effects of axial force, torque, gyroscopic moments, and eccentricity provides an effective way in the design of micro drill.
